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1. Motivation

MSSM: Enlarged Higgs sector: Two Higgs doublets
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gauge couplings, in contrast to SM
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physical states: h9, HO9 A9 H*  Goldstone bosons: GY, G+

Input parameters: (to be determined experimentally)

tanﬁzv—z, M3 = —m2,(tan 8 + cot B)
o A 12
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In lowest order:
Input parameters: (to be determined experimentally)

tang = U—Q, M% = —m3,(tan 8 4+ cot 3)

v1

= myp, mpy, MiXing angle o, my+: no free parameters, can be predicted

In lowest order:

1
2 2 2 2 2\2 21712 2
Mf = - M3 4+ M2 — /(M3 + M2)? — 4M2M3 cos? 24

Keep in mind: higher-order corrections
= Test of the modell

Necessary:
— discover the Higgs(es) at the LHC (or at the ILC)

— measure its mass/characteristics at the LHC (or at the ILC)
— compare with theory prediction for M, /other characteristics
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Our model: MSSM-seesaw

1.) MSSM: needs no motivation here!
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Our model: MSSM-seesaw
1.) MSSM: needs no motivation herel!

2.) MSSM-seesaw:

— neutrinos have mass

— Majorana masses are allowed

— seesaw mechanism is an elegant way to create neutrinoO masses
— possible explanation of BAU via Leptogenesis

— leading corrections: AMZ? ~ m} /M3,
seesaw allows Y, = O (1)
= large effects on M7
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Our model: MSSM-seesaw
1.) MSSM: needs no motivation here!

2.) MSSM-seesaw:

— neutrinos have mass

— Majorana masses are allowed

— seesaw mechanism is an elegant way to create neutrinoO masses
— possible explanation of BAU via Leptogenesis

— leading corrections: AMZ? ~ m} /M3,
seesaw allows Y, = O (1)
= large effects on M7

First step: MSSM with one generation of neutrinos/sneutrinos
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T he neutrino sector:

The 2 x 2 neutrino mass matrix is given in terms of
the Dirac mass mp and the Majorana mass mj,; by:

MV _ 0] mp
mp Mpr

Diagonalization of MVY: two mass eigenstates (Majorana fermions)
v, N with mass eigenvalues:

1
My, N =5 (mM + \/mﬁ + 4"’%)

Seesaw limit: £ =mp/my; < 1:

3 m3)
my = —mpé + O(me ) ~ ——
mpr

my = myr + O(mp&) ~my,
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T he sneutrino sector:

~

v

2 ~% ~ 2 ~% ~ D~ ~ ~ -~
soft — mEVzVL T mRV}k{VR + YV AVH5D1 v + myBuvpip + h.c.)

Two 2 X 2 mass matrices to describe the CP-even and CP-odd parts of the
sneutrino sector:

m%—l—m%—l—%M%COSQB mp(Ay, — pcot 8 £ myy)

~ 0 L
:t_
mp(Ay, —pcot B £ myy) m% -4 m% -4 mﬁ + 2Bymyy

Diagonalization yields four mass eigenstates
ni, no, N3, N4 (D+, N+, v_, N_)

Seesaw limit: £E =mp/my;r < 1:

1
m§+7,;_ = m% + §M§ cos28 F2mp(Ay, —pcotB — By)E
m]2V+,N_ — mﬁ + 2Bymps + m% -+ Qm%
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2. Calculation

M;,, Mg higher-order corrected CP-even Higgs masses in the MSSM
M}’:/D, M]’;/D: masses in the MSSM-seesaw model
— determined as poles of the propagator matrix
Inverse of the propagator matrix:
(Ariggs) " = _i<p2—m§{+izﬂg<p2> Bl )
2 hu(p?) pe —mi + 2 pp(p°)

— Solve the equation:
= = _ 2
[pz —mj, + Zhh(pz)} [pz —m2 + ZHH(pQ)} -~ [ZhH(pQ)} —0
with
Sp?) =W + =@ ) + ...
(%) ==M ) + =@ p?) + ...

= calculation of v/ contributions to > (D)
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Renormalization and formulas ‘as usual’:

S (02) = Zpn(2) + 8Zy (p° — m2) — oms
Sha(P?) = Zpp (02 + 62y (p? — 3(mj + m3)) — dmiy
Sn(0?) = Zpp(?) + 6Zrr(p? — m2) — dm*

5mh 5MA05 o T 0M Sa_|_ﬁ + étang SBCB(MASQa 28 + MZSQa—I—QB)
_I_ 2M28V\/CW( THCﬁ_asﬁ—a R 5Th8ﬁ—a(1 _I_ Cﬁ—a))

Smiy g = 3(6M3s20-28 — 0MZs2a425 — 6tanBsgeg(Mican—25 + MZcon+25)
+ QMZEWCW (5TH82_B — 5Thcg_ﬁ)

5mH = oM A a be T OM ca_|_6 dtang SBCB(MiSQQ_QB - M%SQOH-QB)
— oiyero (6Trca (1 + s5_g) + 6Thsa—pch_g)
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Field and tan 8 renormalization:

“Normal": DR: - div
5ZH1 —_— — ReZHH ‘a O]

DR _ T / div

N 1 N N
stang OF = ~ (s2RF — 625F)

“More appropriate here: mDR:

mdiv
= — |ReX Y a0

5Zmﬁ }mdiv

_ [ /
= — |ReZp |a=0
2

[]mdiv: X Am = A — IOg(mﬂ/,u%—R)
= decoupling “by hand” of large logs

I 1 I I
stang MO = 2 (625707 — 250
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Calculation of Self-energies:

— all diagrams created with FeynArts — T

— model file with all v/ interactions
— further evaluation with FormCalc
— Dimensional REDuction
— all UV divergences cancel

— results will be included into FeynHiggs (www.feynhiggs.de)

— example plots will focus on 5,(p?) and AmPR .= MZ/D — M,
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Feynman diagrams:
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3. Results

Expansion of ~(p?) in powers of £ = mp/myy:

L0 = (£07),0 + (ECD) 2 + (£CD) 0 +---
gaugeVI\/ISSI\/I Yukvavva
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Gauge part vs. Yukawa part:
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3. Results

Expansion of ~(p?) in powers of £ = mp/myy:

L0 = (£07),0 + (ECD) 2 + (£CD) 0 +---
gaugeVI\/ISSI\/I Yukvawa

= the gauge contribution dominates for m;; < 1012 GeVv
MSSM-seesaw ~ MSSM (& Dirac neutrinos)
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Momentum dependence:
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= strong momentum dependence
= only present in the Yukawa part
— (contrary to O (mf) corrections) O (m%) term dominates
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3. Results

Expansion of ~(p?) in powers of £ = mp/myy:

S (p2) = (i(p2)>|m% 4 (i(pz))lm% + (i(p2)>|mD

gauge MSSM Yukawa

= the gauge contribution dominates for m;; < 1012 GeVv
MSSM-seesaw ~ MSSM (& Dirac neutrinos)

Dominant term O (m%):

DR, 2 ng%p2 cos?a (1 mﬁ ng%p2 cos? o
Sin () = s s |5 log S
32w« M5, Sin“ HEs 647< My, sin<
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Main result: Amﬂ“DR:

Ay = By =mz =mp = 1000 GeV, My = p = 200 GeV,tan =5
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= large corrections
possible for
large |my| and myy,

Growing of Am,q1ﬁ
with m;:
ONLY

due to Y, %\/mM |my|
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Dependence on mp:

10
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Am

= large corrections for mp ~ m
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The main result:

Dominant term O (m%):

SPR(p?) =

g°m%p?cos?a (1 100 ma, n g°m$p” cos® a
3272 M2, sin2 3 pdo ) 64m2Mg, sin? 3
= “usually” considered subZ?leading

= not present in effective potential approach
= not present in the RGE approach

Easy (and accurate) formula:

I ey SMPR(M?)
Am?{‘ R o _ (M ) _( hh h )m%
2Mh 2 M,
(if corrections are not too large ...
otherwise full pole determination necessary = FeynHiggs ...)
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4. Conclusinos

e MISSM is well motivated
neutrinos have mass ...via seesaw 777
= good motivation for MSSM seesaw model

e leading corrections: AM? ~ m{ /M2,
seesaw: YV, =0 (1) = Iarge effects on M7

e First step: MSSM with one generation of neutrinos/sneutrinos

e — Evaluation of v/ corrections to = ,(p?)
— Renormalization for fields and tan 3: mDR
— Leading terms: -
_ v/v > > MPR(MP)
AmmOR o _Ziy (M) _( N D)
2Mh 2 M,

Effects of up to —5 GeV for large mj; and |my|

e Effects relevant for all future collider phenomenology!
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